Lactobacillus acidophilus has several health advantages. Honey has several medicinal properties and is also a natural sweetener which could be used in frozen desserts. There are various types of honey based on color namely, light, amber and dark. Influence of honey on attributes of a probiotic frozen dessert is not known. The objective was to study the effect of light, amber colored and dark honey on the Lactobacillus acidophilus counts and quality attributes of probiotic ice cream. Ice creams were manufactured with use of Lactobacillus acidophilus at 50 g of frozen culture concentrate per 7.75 liters of ice cream mix and with the use of light or amber or dark honey individually. Control had no honey and was sweetened with sugar. Use of honey increased Lactobacillus acidophilus counts and viscosity, while decreased pH and melt down volume. Light honey ice cream had flavor and appearance scores comparable to the control vanilla ice cream. Light honey can be recommended for the manufacturing Lactobacillus acidophilus probiotic ice creams thus having a frozen dessert with the health advantageous medicinal properties of honey.
Introduction
In ancient times honey has been used for the treatment of a variety of illnesses such as gastric disturbances, ulcers, wounds and burns [1] . For these treatments honey has either been ingested or topically applied. Honey is reported to have antiseptic properties hence also used for fighting infections in wounds [2] . There are several reported mechanisms by which honey has antibacterial action namely, bee defensing-1, methylglyoxal (MGO), H 2 O 2 , osmotic effect and pH [3] .
Honey is also reported to have antioxidants which reduce the damage done to the colon in colitis [4] and antioxidants play a big role in prevention of cancer and heart disease. Darker the honey more is the level of antioxidants. Based on color shades, there are three distinct types of honey, light, amber and dark. Honey has also been reported to increase the counts of probiotics namely bifidobacteria and lactobacilli in the colon [5] .
Lactobacillus acidophilus is probiotic (good helpful) bacterium with several health advantages. The health benefits of Lactobacillus acidophilus are as follows, assists in lowering cholesterol, reduces occurrence of diarrhea in humans (children and adults), provides immune support for infections or cancer, provides a healthy replacement of good bacteria in the intestinal tract following antibiotic therapy, improves the symptoms of lactose intolerance which is very important in dairy product consumption [6] . Antitumor effect of L. acidophilus was reported earlier [7] . Oral dietary supplements containing viable cells of L. acidophilus decreased azoreductase, β-glucuronidase, and nitroreductase, bacterial enzymes which catalyze conversion of procarcinogens to carcinogens. Anticarcinogenic effect of L. acidophilus may be due to direct removal of procarcinogens and activation of the body's immune system. Dietary supplementation with L. acidophilus decreases the number of colon cancer cells in rats in a dose dependent manner [8] .
Ice cream is a very popular dairy dessert which is typically sweetened by sugar. If honey is used as a sweetening source in the manufacture of a probiotic ice cream, it
is not known what effect honey would have on the characteristics of a healthier probiotic ice cream. The objective was to study the effect of light, amber colored and dark honey on the Lactobacillus acidophilus counts and quality attributes of probiotic ice cream.
Materials and Methods

Ice Cream Manufacture
Ice creams of vanilla flavor were manufactured according to Aryana et al., [9] and Aryana and Summers [10] with slight modification that sugar was replaced with honey and the probiotic bacterium Lactobacillus acidophiluswas incorporated into all pasteurized and cooled ice cream mixes at the rate of 50 g of frozen culture concentrate per 7.75 liters of ice cream mix. Treatments were light, amber colored and dark honeys which were randomly assigned to the experimental unit, the milk lot. The control had no honey and was sweetened with sugar. Product manufacture was replicated three times.
Lactobacillus acidophilus Counts
Enumerations were conducted according to Aryana et al., [11] . The MRS sorbitol agar was used. MRS base medium was made on a one liter basis without dextrose as follows. Proteose peptone #3(United States Biological, Swampscott, MA), 10.0 g, 10.0 g of beef extract (Becton, Dickinson and Co., Sparks, MD), 5.0 g of yeast extract (Becton, Dickinson and Co., Sparks, MD), 1.0 g of polysorbate 80 (Tween 80) (Sigma-Aldrich Inc., St. Louis, MO), 2.0 g of ammonium citrate (Fisher Scientific, Fair Lawn, NJ), 5.0 g of sodium acetate, anhydrous (EMD Chemicals Inc., Gibbstown, NJ), 0.1 g of magnesium sulfate, anhydrous (EMD Chemicals Inc., Gibbstown, NJ), 0.05 g of manganese sulfate, monohydrate (SigmaAldrich Inc., St. Louis, MO), 2.0 g of dipotassium phosphate (Fisher Scientific, Fair Lawn, NJ), and 15.0 g of agar (EMD Chemicals Inc., Gibbstown, NJ) and diluting these ingredients to the appropriate proportion of 1 L with distilled water. This mixture was heated to boiling with agitation before autoclaving at 121˚C for 15 min. A 10% (w/v) sorbitol (EMD Chemicals Inc., Gibbstown, NJ) solution was prepared and filtered sterilized with Nalgene Membrane Filter Units (Nalge Co., Rochester, NY), and the appropriate amount of this solution was aseptically added to the MRS base medium to form a 10% sorbitol solution (final concentration of 1% sorbitol i.e. 1 g sorbitol in 100 mL of final medium) and 90% MRS base medium mixture immediately before pouring the plates. The appropriate dilutions of ice cream were made with 99 mL of sterilized peptone (or sterilized Butterfield buffer in pre-filled dilution bottles (Weber Scientific, Hamilton, NJ)). Petri dishes were placed in BBL GasPaks (BBL, Becton, Dickinson and Co., Cockeysville, MD) and incubated anaerobically at 37˚C for 72 h. A Quebec Darkfield Colony Counter (Leica Inc., Buffalo, NY) was used to assist in enumerating the colonies. Small, rough, brownish, dull, colonies of 0.1 to 0.5 mm in diameter were counted. Lactobacillus acidophilus pure culture was also plated on MRS-sorbitol agar alongside the samples for visual comparison of colony morphology. Three replications were conducted.
pH
The pH was determined using an Orion pH meter model 250 A/610 (Fisher Scientific, Instruments, Pittsburgh, PA) calibrated using commercial pH 4.00 and 7.00 buffers (Fisher Scientific). The pH determinations of ice cream mixes were made at 8˚C. The pH determinations were in duplicate. Three replications were conducted
Meltdown
A 100 g scoop of ice cream was placed on a wire gauge (6 wires/cm 2 ) at 22 C. Melted ice cream drained from the gauge was collected in a graduated cylinder. The volume collected in first hour was recorded. Three replications were conducted.
Apparent Viscosity
Ice cream mix apparent viscosities were determined at 8˚C using a Brookfield DV II+ viscometer (Brookfield Engineering Lab Inc, Stoughton, MA) with a helipath stand. An RV #2 spindle was used at 50 rpm. The data were acquired using the Wingather software (Brookfield). A hundred data points were averaged per replication. Three replications were conducted.
Sensory Evaluation
Sensory evaluations were conducted by a seven member experienced panel on the ice creams coded with three digit random number codes. The official American Dairy Science Association Intercollegiate Dairy Products Evaluation Contest Score Card for flavor with a 10 point scale (10 = no criticism) and for appearance with a 5 point scale (5 = no criticism) were used. Three replications were conducted. different types of honey are shown in Figure 1 . The L. acidophilus counts of ice creams with honey were significantly higher than the control. The L. acidophilus counts with the honey were at least 10 7 cfu/mL which is desirable for a probiotic to have the probiotic effect upon ingestion. The L. acidophilus counts with Amber and Dark honey were significantly higher than the Light honey. Honey is supposed to have an antimicrobial property because of its osmotic effect [13] as honey has low water activity. As regards to the composition of fluid milk, fluid milk has 87% water. This water contained in fluid milk used in ice cream manufacture may have resulted in the loss of the low water activity of honey hence no longer behaving as an antimicrobial, allowing L. acidophilus to grow.
The pH of ice cream mixes as influenced by the different types of honey are shown in Figure 2 . The control had significantly the highest pH. Among the ice creams with honey, use of light honey resulted in significantly higher pH compared to dark honey. Honey usually has a pH between 3.2 -4.5 [14] while fluid milk used to make ice cream had a pH of 6.8. Since there was no honey in the control to lower its pH, the pH of the control was higher compared to the treatments. Also, low pH of honey is one of the factors for controlling microbial growth. Since the pH of the ice cream mixes were not as low as pure honey, it did not negatively influence the L. acidophilus counts keeping them in the desirable 10 7 cfu's/mL (Figure 1) . Meltdown volumes in one hour of the various ice creams are shown in Figure 3 . The ice creams with honey had significantly lower meltdown than the control. There were no significant differences in melt down among the light, amber or dark honey ice creams. Use of honey slowed the rate of meltdown which is desirable as consumers would not want their ice creams to melt rapidly.
Apparent viscosity values are shown in Figure 4 . The control had significantly lower apparent viscosity compared to the ice creams with honey. Among the ice creams with honey there were no differences in apparent viscosity. Use of honey as a sweetener significantly increased the viscosity of the ice cream mixes. Honey is a viscous product and it imparted that viscosity to the ice cream mixes.
Flavor scores of ice creams made with different types of honey are shown in Figure 5 . There were no differences in flavor of the control and the ice creams made using light and amber honey. While the ice cream made using the dark honey had significantly lower flavor scores perhaps because the dark honey had the strongest flavor compared to the other honies. Appearance scores are shown in Figure 6 . There were no differences in appearance among the control and the ice creams made with light honey. There were significantly lower scores with the use of Amber colored honey, while the use of the dark honey resulted in significantly the least scores. The dark color of the dark honey came through in the white vanilla ice cream making the vanilla ice creams off white, slightly greyish, which lowered the appearance scores.
Conclusion
Use of honey increased Lactobacillus acidophilus counts and viscosity, while decreased pH and melt down volume. Light honey ice cream had flavor and appearance scores comparable to the control vanilla ice cream. Light honey can be recommended for the manufacturing Lactobacil- lus acidophilus probiotic ice creams thus having a frozen dessert with the health advantageous medicinal properties of honey.
